To our knowledge, no effective treatments exist for Alzheimer disease, and new molecules are years away. However, several drugs prescribed for other conditions have been associated with reducing its risk.
Research on the link between statins and AD risk has shown a protective association, with shortcomings. Randomized clinical trials have not drawn sufficient conclusions owing to insufficient follow-up times, samples lacking minorities, and the removal of hyperlipidemic participants. 3, [9] [10] [11] [12] [13] [14] Cohort studies have examined the relationship in relatively small samples and found negative associations between statin use and AD. [15] [16] [17] [18] [19] Others have used large data sets of veterans that lack generalizability. 20 Some studies have found that lipophilic statins have a stronger association with AD incidence, 19 whereas others have found no difference. 15 No studies to our knowledge have used large, longitudinal data with detailed demographic information to identify and quantify which statins have the greatest therapeutic efficacy for AD, and whether effects differ by sex or race/ ethnicity. Since few therapeutics targeted toward AD are readily available, identifying more and targeting patient phenotypes could delay or prevent AD. We used administrative claims data from a 20% sample of Medicare beneficiaries to analyze the association of statin use with AD onset. Demographic information linked to longitudinal pharmacy claims allowed us to estimate the differential effects of simvastatin and atorvastatin (lipophilic) and pravastatin and rosuvastatin (hydrophilic) across race/ ethnicity and sex. We examined whether greater statin use was associated with lower AD incidence and compared AD risk of those with high and low exposure by statin type using Cox proportional hazard models matched according to age, sex, race/ethnicity, region, education, and comorbid conditions.
Methods

Data
Using a 20% sample of Medicare beneficiaries, we linked data on enrollment, demographics, vital status, and Parts A, B, and D claims. Part D data included key elements related to prescription drug events. Part A data listed hospital stays, including diagnostic codes. Part B data included reimbursable outpatient claims. Each claim contained diagnostic (International Classification of Diseases, Ninth Revision, Clinical Modification) and procedure (Current Procedural Terminology, Fourth Revision) codes, service dates, and demographics. Enrollment and claims data were supplemented with claims histories from the Chronic Conditions Data Warehouse. Informed consent was gained and internal review board approval was granted by the University of Southern California and the National Bureau of Economic Research.
Study Sample
The study sample consisted of statin users 65 years of age or older as of January 2006 who were continuously enrolled in Medicare fee for service and Part D for more than 2 years ( Table 1) . We excluded patients with an AD diagnosis prior to 2009. Diagnoses were determined by International Classification of Diseases, Ninth Revision, Clinical Modification code 331.0. We required an AD index diagnosis to be verified in a subsequent claim. The final study sample of 399 979 statin users consisted of 310 240 non-Hispanic white people, 32 658 Hispanic people, 32 278 non-Hispanic black people, and 24 803 people of Asian, native American, or unknown race/ethnicity (ie, other race/ethnicity).
Measuring Statin Exposure
We identified statins by selecting Part D event records (2006 and 2012) for simvastatin, atorvastatin, fluvastatin, lovastatin, pitavastatin, pravastatin, or rosuvastatin. We matched the corresponding National Drug Code to 3 drug databases (RxNorm, IMS Health, and First DataBank) and used the verified list to select beneficiaries with Part D claims.
We defined a statin user as anyone with at least 2 prescription fills of any statin between 2006 and 2012. Individuals categorized as having high exposure fell into at least the 50th percentile of days of filled prescriptions in a given year for at least 2 years during 2006, 2007, and 2008 . Other users were categorized as having low exposure. Individuals with high and low exposure during the period from 2006 to 2008 generally continued at similar levels in 2009 to 2013. We assessed exposure to any statin and independently for the 4 most commonly prescribed: simvastatin, atorvastatin, pravastatin, and rosuvastatin.
Statistical Analyses
We examined the association of high vs low statin exposure from 2006 to 2008 with incident AD over the next 5 years (2009-2013) . We matched the high-and low-exposure groups using coarsened exact matching to control for the potentially confounding influences of age, sex, race/ethnicity, region, years since hyperlipidemia diagnosis, education, and health status and to reduce imbalance between groups. Coarsened exact matching temporarily coarsens each variable into substantively meaningful groups, finds exact matches of treatments and controls, and retains the original (uncoarsened) values of the matched data for analysis. We compared AD incidence of individuals with low or high exposure to statins because all statin users are similar across other dimensions. For example, average age difference between high-and low-exposure statin users is 0.6 years, and low-and high-exposure statin users have similar disease prevalence: non-AD dementia (9.7% of highexposure users and 9.1% of low-exposure users), acute myocardial infarction (8.2% of high-exposure users and 6.6% of low-exposure users), diabetes (48.7% of high-exposure users and 45.6% of low-exposure users), stroke (18.7% of high-exposure users and 17.4% of low exposure users), hypertension (93.5% of high exposure users and and 90.7% of low exposure users), and atrial fibrillation (17.2% of high exposure users and 14.7% of low exposure users). The highand low-exposure groups also had similar mean HCC comorbidity scores(0.95 and 0.91 for the high and low exposure groups, respectively).
Results
Unadjusted Rates of AD Incidence by Sex and Race/Ethnicity
From 2009 to 2013, 1.72% of women and 1.32% of men received a diagnosis of AD annually ( Table 2 ). The incidence of AD was higher among Hispanic and black women (2.29% and 2.11%, respectively) than white women (1.64%). White men had the lowest incidence of AD (1.23%), lower than that of "other" race women (1.37%) and men (1.29%). The incidence of AD was 1.86% and 1.94% among Hispanic men and black men, respectively. The CMS-HCC was highest for black men. The mean annual number of days of statin use was lower for Hispanic and black people (254 days/year for Hispanic men and women and black men; 255 for black women) than for white people, with 282 and 284 days/year for white women and men, respectively. Simvastatin was the most commonly used statin (62% of women and 61% of men used it in our sample). About half of the men and women in our sample had used atorvastatin. Pravastatin and rosuvastatin were used less frequently (19% of women and 17% of men used pravastatin, and 18% of women and 16% of men used rosuvastatin). Rosuvastatin use was higher among Hispanic women (26%) and men (22%). Alzheimer disease and associated diseases were higher among black and Hispanic people than white people, while statin use was lower. We conducted separate analyses to compare high and low exposure to statins by race/ethnicity.
Beneficiaries exposed to higher levels of statins from 2006 to 2008 were 10% less likely to have an AD diagnosis in the subsequent 5 years than similar beneficiaries with lower statin exposure ( Figure 1 ). Individuals with high exposure to statins had lower rates of AD compared with individuals with low exposure to statins across all 4 statin types. Those who did not use any statins (omitted from our analytic sample) had an AD incidence of 1.99% over the same period ( Figure 1 ). Figure 2 displays the hazard ratios (HRs) of AD incidence associated with high vs low exposure to statins. Hazard ratios, 95% CIs, and P values are reported in Table 3 . High exposure (Table 3) . Ator indicates atorvastatin; Pra, pravastatin; Rosu, rosuvastatin; and Sim, simvastatin. could be attributable to differences in portioning statins into lipid or water compartments, sex differences, genetic variance, and differential response. Prior studies compared statin users and nonstatin users. Nonusers are likely a weaker control group than statin users with low exposure in analyzing the association between statin use and AD incidence. Nonusers are individuals without a hyperlipidemia diagnosis or individuals with undiagnosed hyperlipidemia or diagnosed hyperlipidemia who are not being treated or not adhering to medication. In our sample, they are 2 years older than statin users and less likely than statin users to have acute myocardial infarction (4% vs 7.3%), diabetes (32.8% vs 46.9%), stroke (16.6% vs 17.9%), and hypertension (81.7% vs 91.8%), and slightly more likely to have atrial fibrillation (16.2% vs 15.7%). Estimates from models that compared statin users with nonusers are provided in eTable 1 in the Supplement and show lower HRs among women (HR, 0.79; 95% CI. .77-.82; P<.001) and men (HR, 0.79; 95% CI, 075-.82; P<.001) than the HRs that we estimated from our sample of statin users.
Hazard Models
Our analysis indicated interactions of race/ethnicity, sex, and statin type in the association between statin use and AD incidence. Substantial differences in allele frequencies affect therapeutic response across races/ethnicities. For example, the clinical response to statins to reduce cholesterol and lipoproteins is variable and related to genetic heterogeneity. The risk of AD is higher among ethnic minorities, 33 and thus these people from diverse racial and ethnic backgrounds face a high burden. Even modest advancements in the treatment and prevention of AD (eg, a drug that can delay the disease's onset by 1 year) will result in a cost savings of $223 billion in 2050. 34 The right type of statin, for the right person, at the right time may provide an inexpensive means to decrease the burden of AD.
Limitations
A strength of our analysis was the use of Medicare claims data. Medicare covers 93% of the US population 65 years of age or older and includes validated measures of race/ethnicity. 35 The disadvantage of Medicare claims data is possible measurement errors in statin use due to censored earlier use before the enactment of Part D. We mitigate this bias by controlling for the year of hyperlipidemic diagnosis reported in the Chronic Conditions Data Warehouse and match our treatment and control groups according to years since hyperlipidemia diagnosis. Additional measurement errors in statin use could be introduced if people switched statins during the study period; however, switching in both the high-and low-exposure groups of statin users would bias our results toward zero or no association. High-exposure statin users in the treatment group may have higher mortality risk than the low-exposure statin users. Increased mortality would cause this group to exit our sample at a higher rate and artificially deflate AD rates. To address this concern, we estimated models based on a sample of surviving participants from 2006 to 2013 (eTable 2 in the Supplement).
Genetic factors contributing to AD risk, such as the APOE4 allele, are unlikely to vary by statin exposure. Thus, while genetic factors may affect the efficacy of statins across race/ ethnicity, they are unlikely to drive the AD reduction within a race/ethnicity. Other factors, such as education level, may differ for those with high vs low exposure. To address this, we link the zip codes of individuals in our sample to zip codelevel data including variables for the percentage of residents who completed high school and include it as a control in the Cox regressions. Education also correlates with comorbid conditions, which we are able to control for using the CMS-HCC index and comorbidity indicators.
Our study was designed to reduce the chance that imminent AD affects statin use. However, imminent AD may be associated with lower exposure to statins in earlier years. We checked for this by removing low-exposure users and comparing the high-exposure group (at least 50th percentile of days in at least 2 years, 2006-2008) with a group with the same high exposure to statins (50th percentile of days), but in just 1 of the subsequent years (2009-2012), and thus lower exposure. As such, we compared high-exposure users with later users (fewer years of exposure) but not lesser users (eTable 3 in the Supplement), and confirmed our findings of reduced AD incidence associated with high exposure to statins. We also compared AD incidence between low and high statin users for AD onset that occurred at least 4 years later (2012 and 2013) . This reduced our sample size (196 651 women and 109 404 men), so we estimated for all statins separately for men and women. Again, we found that high exposure to statins was associated with reduced AD risk, with a slightly smaller effect (eTable 4 in the Supplement).
Other robustness checks included testing a threshold of high exposure at the 75th percentile and 25th percentile of days of statin prescription fills. The resulting HRs (eTable 5 in the Supplement) decreased monotonically with stricter thresholds. We constructed a statin-use measure that adjusted for variation across statins in dose and low-density lipoprotein lowering properties. Results were robust to this adjustment.
Conclusions
Our study identified the associations between AD incidence and statin use by statin type, sex, and race/ethnicity. This suggests that certain patients, facing multiple, otherwise equal statin alternatives for hyperlipidemia treatment, may reduce AD risk by using a particular statin. The right statin type for the right person at the right time may provide a relatively inexpensive means to lessen the burden of AD. 
